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(54) MULTIBIT DELTA SIGMA AC CONVERTER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To resolve the problem in a 
multibit AC converter disclosed by Lesley such that, 
since it performs one bit feedback, the output amplitude 
of an integrator becomes large and there is a necessity 
to attenuate it to a certain low level in an analog 
integrator, that the digital quantization noise to be 
removed leaks, and that this noise is as larger than the 
quantization noise mixed in the quantizer that the SN 
ratio deteriorates remarkably. 

SOLUTION: This AD converter is equipped with an n-bit 
quantizer and a most significant bit extractor, and a 
digital operation which receives the output signal of 
the extractor and outputs the sum of the output signal 
and the value obtained by multiplying the output signal 
outputted a specified time before by a specified 
coefficient. Therefore, this can lessen the quantization 
noise within a signal band and can materialize a high 
conversion efficiency at a low oversampling ratio. 
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on* awrf hn-urtm^&t. i$r^o^in»# 

rm^zg&Lx <z<7)yyyv yfnmiz&w&mmT 
•j>-nrMan&k L-caj*-*-* d Assart zmt & 

[ft*^2] fgv/l^-b'-y hf^y/-?AD» 
'VOT^O^Alfjfl^X ( z ) . T^a^«SL#.gT 
JUg-fS^S: a . b& : =Ht^®.XT&k~?2> 
*^Hk3£#£Q ( z ) t Ltz k # . gtvy^b'-y hf/P 
^^^VADSJmS^Ui^Y ( z ) |±, 
Y ( z J = aX (z) + ( 1 — z " 1 ) Q (z) 

[«^4] *ifBV/^t'>ybfiiHfc^g{i. nb'7 
h«Hb» <nti:2JiLtOfS&) fc-^&KKMEBStf. 

v;P*b'-y t-f^^xmD^iS. 
[W*^5 ] D ASSYRIA, V^b*>y 

iSM®*S<oai*5rT^D^fI^{C^-ri. 1 b' y 
hDASaft8Sfc«i*BW&Hi^l,4lSttov^t 

•y hf/^^AD^ig. 

OHtt*f»7A^e» hxrt^S^VAD^SIflcoai?] 
[fi*JB7 ] T-J-n^ft**: T-f-vrffl&m^b **A 



&r+nrii»tt*mi&mm#tfk& ( maieo 
s^Ht^st , ^/^b-y.ha^Ht^soai^-rsT 
or^o^jn^g^aj^sD A^^gt 

■7;l^-b*>y hf^^/'VADSaftStfc-ot, 

t m^raBiititi^ s titzmitijjm^izffizvimzm 

LT $ <o^l5l«<7)3DS:5!iS5: k - 1 EKf 3 xi^/WSt* 

fc-f £v/t-?-b'-y bf ;^S/y'vAD3^g. 
Cfit*Jg8] fgv/l^-b'-y hT/^v-^VAD^II 
/\<7)T-y-a^A*«-f-$-X (z) s H5ffil#B*>^k# 
BO-?-iv?-**i07-7-n ^*K^«fci3i, vc*JW*fl5R 

Sraj. a 1% a k , V/l^b> bS^kWCig 

A-f6*^ft3SW£Q (z) i:L?ti:£. ISv/l^-b'.y 
hT'^v-^AD^^coai^Y ( z ) 

Y ( z) = ( ai a 2 a k ) X (z ) + ( 1- . 

Z"l)kQ (z) 

■C'i>S»*]B7ieffiOv;W ; -b->y hf/^^^AD^ 

[H^S9 3 WVrVffrm.^-mi, k = 20i: 

9m*T&&*&& 1 <7)S@#Si: > Mm i 
COffi^J^St (a, a 2 + a 2 -2) Sr^tSmiWx^ 
v;^b'.yh»^fk#S«ai^i:i^ 

it9)vmm*&t . i <«j^«offl»*wc»w 

^ry^^^T^-rsm2£r)®®#gi;. 1^2 
C0jUS#goai^^ia 1 - a 2 Srm t &S2«f^7 
*SW¥S t . JB 1 Of ^^Jn»#g<7)tB^ i: 2 tf> 
f^yUBJt^SOtt* i: 0^12: £tJ^*S 2 <7)f ^'^ 
^U»#S5:«ii.Slf«JH7 S^<i8fE«iOv;l^b*-y 
hf/^^^VAD^mH. 

1 0 3 fiffEf SSfMKX&BH « k = 3 O i: 

# . v;^b' y hfi^-ffc^Koffi^STiKo-tf-yr y 
B«ffl4TfijHW-*» 1 OSS^&i: . 1^ 1 OS3E#g 
oaWjCK&lfc (a 1 a 2 a 3 + a 2 a 3 + a3-3) 
SllOf^W^flt^Si:, hST-ft^SO 

ffi^ji:®^ l of^yi^ac^Sotii^ tofns-iti^-r 

•sjfiiof ! J9i\stm-^®.t. mioa?£#soai*s: 
»:<o-9-yr y y^®4-t'«Jt-T-l.m2oss#ei: . 

f$m2c03i®#Soai*^ja (3-a 2 a 3 -2a 3 ) 
$-»tSm207 r ^/l^^Si;. ^lOf^'^/UjD 
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m^-rsm2<ox^^^sns#si:. ft,i<vmmn<?> 

St. B»3<03aSI*R<OHJ*fcfflRa $ -l £Stt& 
J^O-r^A**^*:, Sf52<07\^*/l«#S<0 

aj^] t as 3 </)r iSfivm-^&n&D k <rym SWrf s 
t 1 1 ] mis-?/ b- -y h- aiHb#s& . n b 

•y hMrHklSi ( n{i2liLh«SSt) t *«0f£Sf::Iia$ 
flSSlflt', httttffl*«i.*ilWWI7*v*Ll OB 

[ff*S 12] D AS&^SJi. V^f-t* -y hfi^fb 
St. fSM3£#S<Daj^£T^o^«^(c^rSlt' 

[fs^js 1 3 ] a±{4t'>y hmm^x-mx-tn^it 
if ^ i «fy^;w#gt . tmi<r>T 

st. w&2<r>^i;5)vms^m<r>&*hT : J*>vmt 

imxm 1 4 1 ®±(ib'-y MsiajsreMA-rsa^b 
ymzmtttzm i «fy7;w?st . 8* i <n=r 

st, ^2co7 f >''^/^^g<oai^^^t-sm3 
^T^/pm^st . f^3o^?^m#¥s*>aj 
* t x ^Mm#s«m^i t ^^m*-rs^4 

h'yhf/^yy'7AD«. 
[f«*JS 1 5 ] Ti-o^A^ft-^t T~tv7')mm^ 

*¥St . KT^ojy-jRS^Stfoai^-f-^^b'y 

a^Hb uxaj^-r sv^b«y haw^st. 

•7/^t*-y ha^-ft^Sti. n b'-y ha^-fbSf ( n{i2 

Ktu* srfi^^raa^-r-&^ i <og®#st . i^is i <o 



g#St . n b'y ha^fbS^ffi^ t ^ 1 «fy?/l« 

t. u:fit*7 haai&tagA-fsa^Hbssf £a?jl 

ClilS:W^ra«^S*2<0S®^gt. f£SfS2tfD3I 

3Mgt. ^1^7 r ^^Jn^#S^aj^tS2<7)7 r ^ 
7^»^Soai*^$-Sv;Wf-b'-y hfyl'^i/^A 

tSr^fSt-rsv^b'-y hf^y/7A 

[IS^5 1 6 ] KVA^tf y h y/7A 
S^cOT^o^A^fi^SrX (z ) , T+n^fll^S 
* ffiS* a % 1 ©fy^/HUfStSlIt 
a - 1 . &2(OTiS?)V3m.^m'mM.-f&& 
WLi a s n b*-y ha^-fbSTiIA-TSa^b?t«£ Q a 
(z) tt£t§. llE-7^b*-y hf^ymD^ 
8*&<0tfi*)Y (z) li, 

Y (z) = aX (z) + (1-z* 1 ) Qa (z) 

T'£> Sffl3<:>I 1 5 im.<r)~?i^ b* -y h x/?A D 

x¥»*mt&m&MiHm&\,x2fBBMi*ti. &s 

aj^-rsv^f-b'^ha^Hb^st. ifr/i/fh^n 
^fb^gcoai^i-rsT-'^^^ai^fi^SrrT-D^fi^t 

St ^«ti-5v;^-b*-y hf;^^7AD^tfc 

v;^b->y hm.=H&m±. nb'-y ha^Hbs < mi 2 

nb'-y h&=Hm (nii2ia±i?)M) <oaj*^gtt. 
t^aj*m^s«i#-r&mico3is¥st. ismi^ 

®®^S^ffi^{c«)r^^5:« t §^ 1 <0fy7iPS 
»*St . n b'-y hM.=Hmcom^tm 1 iOT^ryVt* 
^SOtii^OWS-ai^f Slg 1 <0r ^^yHD»#R 
t. mi^®E^S^ai^^0r^^^-ri.^2cog 

3§#st. m&2<mwm<n&ttmm<?>m$:fki 

hn2<r>?V9)V%£mji}i. Sl(^)fy^/«#g 
Offl^l t SI 2 <OT : J?)l<mt^&cr)&j)<n%i$:\iittZ > 

m2<7>7iJ?Mm^&k. s±et'7 hjsaisfc^A 
•rsa^fb^&A^ L£ft«5he«>fiM8*«t6*3 

cOr^;P^S:#St. Simso-r^^^^Swaj 

* ^3fs^ra»^-rs m 3 <o«®^s t . srs 2 »fy^ 
)v%mm<r>Khk'im 3 ogs#s«oaj*<o»$rai^ 
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^l>S&30f i^/WjDjt^gk, SS3oa®#gOJi};Jj 

tzmfe<om®.zmtz>Wi4<r>7i;?)i<fkn^&t . s&3 
of ^:y-;W)nm#goaj:>j k ^4 of ^/i^tsn^g 

Zffiz. h i k fcWSfc tS7;W-t*7 h fA-* A 

[IS^lS 1 8 ] MV/l^f-t' -y hf /U* ^7ADS1 

ff^O Tfu^ATJli-f-fcX (z) . i*BfcJ:t/2* 

Sc-tit-*?*^ aia ! + a ! -2v 1 — a lx a Zx 'a lx n 
t-/h*™»T«A'r*Jt^fl3(ie*Qa (z) kb 
t±t£. Wr?)V^-\z y hf ;l^i^VAD353fc&Oti};Jj 

Y ( z ) tt. 

Y (z ) =aj a 2 X (z) + (l-r') ! Q'a (z) 
33ft**. 

[ft*« 1 9 ] Tr u^ATJfl-f-k T^Pi^HWf-* 
fcOi££ffi:&^STfo^;!niJ£*gk. MT^pjrjnfiC 
¥gom;ftfI^£«#t-&Tf u^##gk. S7t 

ftTJ^&^f b'-yhfi^fl^gk. &V/|/-rb*«y bfi 

gk v/Pfb'-y hx/^^vAD^fg-C'* 

v;Uf b'y h»fc*l!Ki. n b' y f-i^-fkS ( nli 2 

iy±os&> t-e^gtzjgM^-'i.e±fi[b'-ybi4ajs 

nb'-y hS^ffcif ( nli2fcUiO^Sc) Oifcfjfcglt, 

RUi* IS 1 oa®¥gk . fSSS l O 

as#««ffi*ta?«e«flitt**&** 1 «fy7/« 
*#Rfc . n b -y hfi^fkH^ajTJ fc* i of i^Hfi 

g*goa^o»£:aj7Jt-&st5 1 of x^jng^g 
k, *i<r«B^a<oaj**Bfffi«iai»j«-4»2oa 
s^g k . issfs 2 oa&^oa^mjgo^ifcSrfit t 

5112 Or 5>*>l>**#«fc „ SB 1 Of 5^/H0*#« 

oajjj fc S52 of ^/i-jgK^goajTjoftS: as^j-r s 

SB 2 <r>7i<?>Vlim%®. k IB 2 oaM^goaj*) £Fr 

3 oas^gk . 3$ 3 oa&#go 

Hi:Wcffi£o$&!t^t£m3of ^';yvi^3r#gk . 

m 2 (VTiSftwm^&cotiiji km3 <ofy?;«sf 



SOifl*0*I2raj^i-Sm30x^/l'aiI»#gt. « 
±ftb*-y h»ai&£MAt-&Sf fl^«£A*LCl*U;: 
Bt^0^5-«t§Sg40f^;l^gL#ai:. K^4 

of ^wst^goiij* * jjfjgn«Bfii»f - oa 
ffi#gk, sai40iiS#goai*fcgff^o^?>^l: 
&IB40f y?Jl4g)F¥Rk« SB30f iS?)Vtm^&. 
<0\&*kW&4<7>TiS9)\m&^&n\£*(Omt:&tt 
hW,4<r>-f^)Vim.^%.k. ^40ii®#goai^2f 

M^B#ra^^-r«,m5oa®¥gk. Ms&5oa®#g 

k , SB4 of ^^;uJaSL#aoffi* ki£SB 5 of 
«S:¥goai^ioSi?rtB^-r?»^50f^^;ujDS:#g 
k . « 5 oaS*goft7J &Br^ia»»-r 5^ 6 OS 
s^gk . sn 5 of >?^;wiii»¥aoaj7j k ism 6 oa 

j^goaj^OfnS-Sv^rb'v hf/l^S/^ADSE 

gmoffi^j k Lxttjj-$-&m6(7)7 : i''?>wn%.^mffi 

*mz.h £ k Sr^k -T-l. V/Pf b'-y hf y/7A 

[|f^2 0 ] RvyPf b'-y hf/^y^AD^ 

(z) . 1#B*»£>3#B 
OTf 0^3g»^gT*SH}:-rS«»?>-tiT.-Pila I . 
a 2 . a 3 . ^l*^SS60f^;P*K#g-C^»^ 
S^IS$-f-tL-?riXv a, a 2 a 3 + a 2 a 3 + a 3 -3. 3- 
a 2 a 3 — 2a 3 , a 3 — l x a 3> aia 2 + a 2 +l. a 2 
+ 2, nt'7 NM^kS-CfiA-r Q a 

(z) kLstkS. fgv;l^rb*-y hf^-v^ADSC 
^SOJii^Y (z) {i, 

Y (z) = a x a 2 a 3 X (z) + (1-z-i) »Qa 
(z) 

•C*>-&M«3S1 9iamo-7;W-b*-y hf;^£>^VAD 
[0001] 

^i-by^^S-ffl^^-ti-^f y/TlA 
[0002] 

[fi§3feOft^] ^-A-tJ-yrU^^SAD^miHi, -9" 

#l^rtoa^b5t^Sr/h$ <X'§ , S»gO^Sr^ 
t#l).otO. «-§-S7J*«£g-S7J (OTSNifcfclB 

[0003] Tf D^fi-^lrf j>'^;Wi^lc^f S» 

k. Dc-fs/2 izm^m^iin-m- h . w&mz 
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mutt* v^jf s uvc\mmtz> . 
[0005] x-^yyvv y7WAD$cMsco—WX' 

1x£m>. m&<?>Wg^l*Z^A^<^&%ffiiX'h 

[ 0 0 0 6 ] 0 1 OtCt^^T-VW^v-^AD^ScT) 
Y (z ) =X (z ) + ( 1-z- 1 ) 

ht&>. v&n; 4 Xis±-\:y «*. 

is?*? A D^&ffJi 2 ifcO./ 4 X^x - b y 7ZmM 

[ o o o 8 ] -*vf * x bJi&ic-C'^-vT'U yv-th-r-i 

*X h-fyyV y/lAD^iHT'fi< Hffittt±<9[5]S8 

v-y-ru yymAvm&kn^mnmi. i 2 t*.y 
jMbwc*** 1 . ^-Afyru y^MADg^s-ctt 

*!72 0 kH zCO*-^-* *»-Ctt3JJcy-f Xxi-ty 

^*w^yr;wt«r 6 4 fgfc-r s k . -t^ry yy 

1 6 h* -y b t-hfl-'K^Ht?-* & . 

Y ( z ) = { a, a 2 a 3 X (z ) + 

fcfc'U f (z) =1+ ( a, a 2 a 3 + a 2 a 3 + a 3 - 
3) z-i+ (3-a 2 a 3 -2a3) z"* + (a 3 -l ) z 
-3 

04 9. Safrfff^^flgJ^fga, a 2 a 3 «0#*fttfl 

[0012] 1 2 tl^-f <k 0 iZ, 1 b'y bi^-ffc 

S3fc 1 t'-y hDA^S6<7)tt*?9tC. ^iTCr^a 
y^%:=r^9iV^A\z^m-h nt'7 h»^Hfc#S4 
k. ^fflWxx^/HS^^^fflwr^n^ft^c^-r 

Y (z) =X (z) +E (z) + 



«#f8j££^. r*n^A*«*X ( z ) kfflSffie 
l b*>y hDA^8li:OS^«y>&r^a^linS:S 

&2k. T-t-uf r mft%s2<0tiiJ]ZT : S?il'mz$&ii- 
h 1 b' y h*^ftS3 k . 1 t*-y h*iMfc;&3CDaWj£ 

8«7) 1 t'-y hT-^$r 2ffl«0r^o^fl^tC^^I' 1 
b'-y hDA^^65r{f^TV>S. 1 b'-ybfi^-ffcff 3 

(z) T-M3*T«HB2tts fiffiftlft^ 

[0007] 

Q (z) (1 ) 

[0009] t*»u satt»Kfe«-afc**ss» 1 ?nB ; ar 

10 0kHziWWft*4. fi-J^SffiglMHz 

x-is&bmzfnzmsmzm&LZo t-tzt. 3&/ 
4 Xi^x-t'yyx^ryrv yfHVMt 1 2 smh z 

r^x-f - 5 0 0MHz gS**^ 

-7WS^C5:'>T L* o . 
[0010] £ft*3cJ&ar««C-*-*fcUL *4HW=« 
«^|0C ( 0 <a i < 1 ) iB.^X^Wt^^W^ 

±z<*t>%^xo<,z-r2><isgtf*>2>. mm. mi 1 

»3&y^Xi'x-b*>'^£^-r-&£5£tt£#*l'fc 

I^9a, 9b. 9c^lftg-r€.. Cr^e^KSJiJX^ 
2T-aSil6. 
[0011] 
( 1-z-i) Q (z). } /f (z) 

(2) 

§ n b* y h D A$m$s 7 * fflV - b* >y hfM^ 
^AD^JSS^^tlTV^. ic^48H±. *^-(t 
#§<?>#Bffig£ $>ff - k T-a^fbJS^Q ' ( z ) 
< & 9 , *T^ffl«Rffl«te»^4»*«**4«** 
*ti. HRK. nb'-y hS^kS40»j»iS* 1 t'-y h 

n b*>y h D A^f|7 Wi^H^ttlSME ( z ) *< 
HI 2^;H-t'7 Vf;V^>'y'7AD|!3SS« 
<£&BBK2<fc£ 3 <0 J: 5 ic^S . 
[00131 
( 1-z-i) Q' (z) (3) 
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n b*y hD A$cm£7<r>imBtm:E ( z ) (iT^n^ 

fi-^x (z) izz^tttu&zti. ;ax*/x.-w? 

<4HtLXL£\K nt--yhDA^Jt^7WSAD^ 

}MI7 2r^E5&-C'^-r&^-. &«F>**n*s?X' 
mftth. 1 6 t'y KOD A«li 2 l6 I«0 5 /x mft 

•C«Jffllt^fmtf5r^^l<^Stf^O#{S4. 9 runt* 

[0014] vio^sisr^-rs i ^e«f*^ r r y 

■r^^-VJ 1990. IEEE. I SCAS, pp37 
2 — 3 7 5RVXW&¥f-4 9 8 7 4 16 {C^Stl-CU 

y (z) =x ( z) + ( i-z-j 

^t, AD^&#§JiJ*lY ( z ) <0g»TOi<te*5c0 

Y (z) =X (z) + ( 1-z-i) 
-f+cb*>, Qa (z) «fc9tl±i>*>f::*;g^Qd <z) 

lb'-y hDA^gS3§6£fflV>S.Ifc#-eS 
*. ie-yhDAS3ft»6tt2ttOT^O^fl[tffl*'*- 
*fc*>. fMm^E (z) l±*«WK8UU'0r^. * 
15U3U3YE (z) =0kLfe4:Stf>efflBRJ:* 

t ffi&O S N Jt*WfTC£ i> . 
[00 1 7] 01 4(2121 3<r>mmXhi>. T1*X3? 
tim& 1 li. T-f-urm^X ( z ) 1 b'-/ h D AS! 
8HS63&«flW4«3iS^«U.4. T-J-o^inSTSgl 
?>ffi:WiT^nj?Tf#82{cgtt£*u -eoifcfclinb' 
•y>fi^tt54t;*3V%T'f r ^'^;Hh:$tl-S». .T^T'. fi 
^HbftWQa ( z ) *<iaX-n»„ nb'>y h&^HVOsW 

Y" (z) =X (z) + (1-z-i 

Mot. CKOADSSI&tfOaj^Y (Z) <ogawsc(2<j: 

Y (z) =X (z ) + ( 1-z- 1 ) 
•T^*>^17(i5Cl 5fc^L<. HI 3izjfrrmiRb 

[0020] ±IKitt*ra^$*lT^S 2i£*5 

Y (z) =X (z) + ( 1-z-i) 
4*:. 01 6. 01 8^-r^^fE^KS(2»^9-C 

Y (z) =X (z) + ( 1-z-i) 



T^o^JnffSKi. Ti-nfm^X (z) Klk*7 

hDA^S6*»s»-rsi§a«-^5:Mts. r^-D^ 
jn»:sioai^i(2r^o^a^s2(^^ix. ^oai* 

lint'7 h4^kSff4^fcv^-c-r> ; ^;Hfe:Stt$. -I- 
T, M^ffcStltQa (z) ntfvhJtHt 
S4^)nf7 hfcH;W±«±{ib*-y htta}S5-CS±eb' 
•y h<?)*#tfcirl£ft-2>. ^*rt*W*pfl3Jt 
HfQd (z) ^SA-TS. £<0*±{tttT* MASSES 8 

^ttfcjfift-*-* 1 b'^y bDA$am6izme>nz>. &± 

fib'-y httmS5T-iftALfcQd (zMAS©3S8b-C 

^SfctJttS nb'-y f»^fc&4<oai:/ifcxx*/Hin3i: 

SI 0Xtm$tl2>. ^IWx^^JnfiCStii^^AD^ 
^Scojii^Y (z) ZZX\ nh'7MfftS 

4coa^^JfM•^S:Y• ( z ) fc-fS fc N Y' ( z > Ogji 
0®it(2»^4O < );d(c5r^. . 
[00 1 5] 



) Qa (z) -z-iQd (z) 
[00 163 



(4) 



Qa(z) (5) 

nb*-y haJ:M2«_t.<ab*.y hafflS5T'^Jifitb'-y b<0 
^#&£ri $ tit . Z Z $ h izf ¥9 rt"W=fi*H3t 
fQd(z) #MA-f6. ;fflfchfit'7 MASS2I8 

a-c&o-f yr'jy;mra£T&i#£tu 2fflcor-^o 
s i b>y hDA$m&6izmmzti&. m. 

±fib'-y haaiS5t'mA-r-&Q d ( z ) tAf&JMf 1 2 

<386*u i-vyyvy^mm^Qd (z) to^a* 

^fl^ai^Y (z) fc^rS. &±{4b'-y bttHilS5<7) 
{I}*?: Y" ( z ) fc-f S i: % Y" ( z ) COg^KI^iJJ: 
5^6<0i'?{3'5rS < , 
[00183 

> Qa (z) + ( 1-z-i) Qd (z) 
(6) 

[00 19] 

Qa(z) (7) 

016^-r. tt. ztibomimz-tti^iimi 
7. 0i8(c^-r. 01 5. 01 7 izxkTffi&tommm 
mr<53%8X'2k2ix& . 

[0021] 

2Qa (z) . (8) 

[0022] 



3Qa (z ) 



(9) 
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[0023] 

b-y h«^bS$-Mv^x;U^^vAD^S|-C«i. 
{i^*>^>=5:^. L*>U ^Uf-b'-y f- • f^^i'y'VA 
Wi«rttiUttr6*v*. «£«. 4b>y hSiHt$§£ffi 

+ lVttSt, lLSBtCS>f|5r-&*ffiil2 5mV 
. »##5<7>ffi:*jmJE«0«!I#\ - i . 0 6 2 5V 
— + 1 . 0 6 2 5 VfeWCfcttf?. fi^l^l#{i± 6 
2. 5mV^It -ettliLh 
T$> £ t AtimflEOSAilfc * v ^©/hffiftifiT'fi^Ht 
&^#^R)fWC*£<^AL-CL;fc3. CfUziDSN 

Y(z) = <aX(z) + (l-z 
z-i) Qd(z)|/{ 
5U 0*^. a<7)ffl^*/jN§</jr?,{5i:Qd (z) {ijfiS 

t-cu*a..«oT, sNjt«^u<^ttxu*a. 

02 1 (±±iei: 111 l&ft-Z'fo h 1 &4 b' -y hi^fC-T 
^a^m«w9 a C9fi$!tf<a = 0.5 S 

ii/-ya vwsi-ca* . «#t§<o«itff±a^-ft#§«A 
A-awjKiiQd (z) aniat-tLSw iejg&y-rx 

124 7. 6dBT*ifc. 

[0027] JSLhJ: *) » JJES3KfcBBjR**ifc<0jSR*«0 
PaTS^JiOT^JlOt'ftl.. £^fl b>y 

^ftStt^xi^W&fi^tS&WQd (z) teH 

aL-cL^a.Qd(z) {iM^tsi-c-mA-rsa^k 

[0028] 2ts^c7)aW{im±<0^2r#|gfC^Sn 
^tOTftO, ^tfO^^^Jrffi^-rSnb'-y 
: HfcS*fflV\ 2ffi<^T^O^<ii&a}^fSlb*-yhD 



[0024] iltfcito^ Lfc^OtSiS^ S 

hW&mi l'A(Om&X\ 4 b'y hfi^HfcSrfi 1 

•ofcJ§£<ote*T*>*>. S^t^A^^U*^-^ 
fi- 1 v— + 1 VT£>£*\ m^Scoaj*g@<i-?-^Sr 
&*.-Cvt*. ioT. xx^ffiTJtiA^Jlffi^Alt 

J:0, SNJttt#<fcbTL-jfcV\ l<X4b'-y hfi^fk4 
b-y hiKHIOV^b-y h-f^ ^^VAD^H^iJ 
lr vt [3| t^ttTi' 5 jl W-y 3 ^ LT#S>*l.S S NjfrC 
hh 5 9 d B J: >5 i<&^5 3 d B fc^d SNJtA^ft 

[0025] -rofSJS^igtTSWi. AD^iSiort 
o 2 y'A*0«i|itc:©J|!ai&l6{t.S.*v aMCW 
£a (0<a<l ) TiSJsS^ST^njy'slifi^&jBin 
LXmimiiiJj<7)mmZWz-%lftlli%t 3 %\,\ bu^W 
#8fCtt. «^HScOA*7^X^-;l.F*ltcW*ScOig 
hfitz t tX l> . fi*«MI*«i£ * 4Wf ft tr- 
^SNJtti{gv%t<ofc^r-5TUt 3. f£t<o;fr£fc:*ilt 
STt-o^^:SI^L^ffifiE^ll2 0{^-r. dO« 

[0026] 

-») Qa (z) .+ (1-a) z-i ( 1- 
1+ (a-1 ) z-M (10) 

fc^-CS Sx^^/l^iatllSSSril^^^^l^-b'-y 

[0029] 

<?>V/t^-b-y hWi'y'VAD^Ii;, T-ta^A 

Scoaitl«-f-Sr^b*«y h-C'i^HfcL-CffitJ-f Sv/W-b 
>y h*^t#gi: . bft^t^Scomtl-r 

&?i'?juitifim^$:Ti'v7m^i l z$zmLx<k<Diry 

-r&DA^ig^gi:£fli;L&V7l'-?-b>y hfMi^7 
MtB^ft^tBf^rafftcaiASii^lsiai^fl 

[0030] ±EADSaMBTtt, r^-o^A*^2: 
X (z) . r^o^^gT-^^f S^SSra. 

^b-y hm^Ht^m-mAi-zm^Hm^zQ ( z > t 

Lfci:£. tS-7/l^-b-y hx^v-^AD^SSgeottl 
^JY (z) « N Y (z) = aX (z) + (1— z _1 ) Q 
(z) X'hh. 

[0031 ] *fcJJE^^^A«»*Si±. V/H-b-y 
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bnm^fkt . zmm^&viiiMzm. a - 1 t s 

-ri^/kSsg^aoatt kofcteattrtSSS l (Oris? 
[0032] iJCfc, ^20"7/Pf-b*>y hrVl'^^^VA 

^r^o^ng^awattm^s^sr^o^tf 

hST-ffc^ak. Mv;^b'>yhST^#S<Otli^-r«» 

Sv;Uf-b'-x hf/V^y^AD^t* 1 ). 

b'y Mt=HK#R»aj*«^*«»t. Mtfl*fS^i:E)r« 

[0033 ]' JJBAD3R«»-CU:J KAD3Hft»^«0T 
■^n^'A^fl^X (zK k#g£>*-ft.-? 

a 2 , a k , V^f-b'-y hg^^gTigA-rS 

*Ffl2MSf*Q ( z ) tUil, fS^^f-b'y h-r/W 
^^ADgE&igfiOattY ( z ) li. Y ( z ) = ( a 

1 a 2 a k ) X ( z ) + ( 1 - z-i ) "Q ( z ) X'Sb 

[0034] ttz, gm2<r>AD$m3scr)Ti;?jmn 
£»:<w>ti> yfBffl&X'Gm-t&m i <oiSS*a 

t . I£HS 1 ^«15i#S<7)ffi^^Sc ( a , a, + a 2 - 
2) ^mthmKOfJ^JUfm^t. -e^b'-y 

hs^^a^ai^ fc lass i T^^s^a^a}* t 
<o*a£ atfj-r am i ^ s^/mwi^r t , is i 
^&<r>$j}*mztt.wy7v >^offlB4Tfli«rt-** 

2tf>®3g#ai:, KS520WSaE#aoai*fcfl»l-a 

2 Srftt2»^20r^;WS»¥ai:. HKO-f^/W 
taM-^&tn&f) b * 2<r>T : J*ivm.^®.<r>$J} b <m 

[0035] &tMT i Jfl\'m%%m±. k = 3<7)b 

mm* x&ft-tzm i ws^ai: . ism i ^as^a 

coaj^JtC^ (a^jaa + ajas + as-S) £3gt£> 



Kwyrv yf&fffl£X'®.ft-r&m2<z>m.m^&b „ 

Km2<05i^Swai^fc^fa ( 3-a 2 a 3 -2a 3 ) 

£$0Lt&m2 ivfm^Bt b . mi0)?i'?>vto 

»#acoit^ b W. 2 <n^V9)\M%^ft&&1)b<r>m: 

^^^2<r>r : J9.)vnm^wi.b, m2<7)wm^&e> 
&b.w&3<wm*fst<7>&jj£msi.a. 3 -i &mi& 

&l3bm3 OTiSfJl-fm^&coiiij) b <9*J£ till? & 

[0036] H3tf)V/Pf-b'-y hf^^AD^ 
SSfcL T1-v yXJim^r bT-i-VJ ^')mm^ bcr>^iH 

jj-?z>Ti-vi?i}m.¥-&b. wr^uyimmk^-h 
m^zmi-rhT-)-v7mft^®b. srto^* 
f^D^i^m^mcx-mm-h n-wmn&fstt . 

MT-^n^^*K^tiJ*ffi^^^b*>y ht'i^HktT 
atfrr&v^b'-y hMW£Rk. SWf-b'-y hfi 

»I*fc LTdfcJrf S D ASHft^ai: S:fiSxSv;H-b* 

^ft#ati. nb'-y hM^-fLSS ( n{±2J2Ubc7)m) t 

-?-<omatc^-rs©±^b'-y > m&mziMz . n b* -y 

s-msssraftjH-sss i ^ss^at . ik^ i 
a«oai*^0f^o^$-« t*» i wfi 7 ?^^ 
fc , n b«y h&^Hmvftjjbm 1 07-v^/i^»#a 
coai^oft^tii^-fsmi^^^^jpff^at. e± 

^B#s«»-ri>^2<os®#at, K^2<os^a« 
aj*twg<o«i!t^* tz>m2coT t is?}vmm.^&b . 
m i o'rwivtm.^'&.o&i] bf%2 <r>fjs>ivms.^ 

a«0£ti^<7)*2r^v/^b'>y hf/^y/7ADSlS 
coffi^k LTas^-rsm2c0r^^^iD^a€:fii^S 

^•^Miflt^a^ffixs. 

[0 03 7] *^^3<7)AD|gjMs-C'«i. T^a^A 
^«-f-$-x (z) . r^oiy-^:^aT^st"S«S!:2r 

a . SfS 1 <?)^^^^*#aT«»-rS^5r a - 1 „ 

m2<?>7i;?)v?m^m:?mtz>%m.i a . n b-y h 

g^btfTigA-rSfi^Hk3«^Qa (z) bLtzb 
I^V/^b'-y bT/^^VADS:MI<JDai^Y 
(z) «. Y (z) = aX (z) + (1 — z" 1 ) Qa 
(z)T-*S. 

[0 038] S4^f t'7 hf;l^?x/7AD^i 

j)-$z>T~>-v?im*fSt.b. mri-v?i>m*fSi<7>iiijj 
m^zmtt-tzT-i-BTmft^&b. mri-a^m^ 
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f-b'-y h&Tit^mi. nb'«y hg^HfcS ( nti2l;U: 
nt'7 hm=Fim ( nJ42Ja±«SE») <0tfi^^S 

jvmm^®t , nt'7 b*MfcS«iitfj fc» 1 cor^"^ 
&%2<K?V9)VW5M%.b. &_tftb'-y MAffittea 

^/nn»*a<oaj* t mm 3 ogg^a^ai*?)*!** 

a^SSg3<9x^?/Wlitfr#at, ^3<7«iS#S<7)aj 

3 cor ^)vw(mk^-h t mi* o> 3 ?*J9tom& 
3 coas^aoaj* »B»gmiMM«^« <os®#a 

cotti^^iW^JU^^ hr/l^vi/VAD^J&flcT) 

xxmmx (z) . isafcii/2#Bcor^n^ 
4<n?i>* )vmn^x'mn^hmi.^^ix^ti& 1 a 

2 + a 2 -2. 1-ai, a,, a,, nt'7 h&^imX' 
i^A-rSfi^t^i^S- Qa (z) tLfct#. ^vyW 
f-b'-y hx^^v^VAD^fKOffi^Y (z) ii. Y 
(z) = ai a 2 X (z) + ( 1-z-i) 2Qa ( z ) X' 

[ 0 0 3 9 ] IS 5 COV^fc* -y h ^7A 
fgii. T^o^A*m^tT^n^)§5IfI#tOil£aj 

^sr^o^ang^at, wcr^xiyjm^m>^h 
aoft* * wjgo«Mtc*ncf4 r -Ma ?m.^mm 

Slff^R^SWjfl^Sr^b'-y h-ri^bLtjii^-rsv 

m^-thT^^^m^m^ri-n^m^z^mtxix 
x^Ti-d^taM.^m^m^-r h d A^m^mt zvsz 



f-b'-y hi^Hk^ati. n b' y b*rHkSt < nli2ULt 
OSiSO i-?-<7)f*at^t--S.S±firb'-yhttaJS^ffl 
nt'7 hM^ftgS < nti2ULb7)g&) cotiJ^SrS 

1 0)jm^®CDiXjjizm%<r)m&.Zmk&m 1 tf>TV? 
/P3ii3$:^g t . nt*7 bg^fcfi^ifcJj tSfl 1 <0fy^ 

at, mi<7«i®*awai^^m^H«#-rs^2<o 

5B£#at, M^2O3i®#a<0tBD^M^c7)^&m 

t 2 cofj^j^mn^t „ m 1 «or &9mo& 

^%2^ : Jf)Hm^B.b. m2<mm^<om^ 

<D&Mzmi£nmizmt&&3n7=s?>umm.^®. 
t> ^2«0x^^jp«L*aoai^t^3O7 r ^/p« 
«#a<oai^ofts:ai^'r s^3 coT^^^jifflL#a 

ztii,zmfe<D&$Lzm t hi&4 v>^i;?)vmtjm.b „ 
ws.4<nfJ9)v^m-^<r)^n ^n^^^m-hm 
4 co3is#at. i^4c7)S5E#a^ffi*t=m^o«» 

Sr*tS^4<0x^;l^ft»¥at. S3«0T^'^/klD 

%*m>\x>ii t ^4 <7)7-*^^^mK^a<oaj*^»s: 
&jj-t&m4<?>T ! i;?jwm^®b. m4<r)W£&&v> 
wi^mssmsmt %>w. 5 ^s^a t . ism 5 

Sl^aom*fcBfJ6<Ofl9R*3R t « JR 5 cox 

#at. S4Ox^^;uJnS#a<7)ti}*tig^5<07 i ^ 

#at. »5<^H^a<oas**Brjei*ia»i«-*»6 
ojis^a t . m 5 <r>^v9)vt\m?m<r)&-ft t im 6 

Oil®#a^)ai*<7)*] 1* >y hf^^y/7A 
D3EMI<offi^it LTt£J*-r&m6<7)x^^iaS:#a 

[0040] MAD^a&^T^a^A^fl-si-fcX 

(z). isa*^3#Btfor-t-a^m»¥aT'je»'r 

SffiMWilau a 2 . a 3 , ^1 HS6<0fy 

^/i^aL^a-c^-rs^sr^ix-s'ix, ai a 2 a 3 + 

&2 8,3+33 3^ 3 3,23-3 2 ^3, 3.3 1 ^ . 

ai a 2 + a 2 +l. a 2 + 2. nt'7 M^SsCSA 
■t Q a (z) tt?tt#, f£v;W-b'-y 
hr/^i'^AD^mfl^aj^Y (z) li. Y (z) 
= aia 2 a 3 X (z) + (l-z"i) 3 Qa (z) "Cfe 
h. 

[0041] ±Kffi^<0^f-b'-y hf/^^^AD 

<r t a^-s . <&*--><yyy>i'itX'W;^3mmm$:m%i 

[0042] 

[^^njgco^ffl] 0®st#bilt, zcomftemm 
cmmiz-o^xmffl-tz. 
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[ o o 4 3 1 m i a. *m&m i <rmwmx'$>z>~? 

,^ t * Vr)Vt A D^Mff^flfjfcfc^-f-ya <y 

[0 044] -iCOV/l^b'-y hf^^/7AD^ 
7to/AAflvA { 7 ^n^Ju»S 1 izXJl L . 
T1-n7tm$* 1 HTi~a 7 Xfim^k lfvhDAf 

*i*»i*tfMj r^nj^s^n2Wir^ 

n^KS9, n b'-y h*^*fc»4 ( n{i2tLh<7)S 
aT'SigU nb'vha^{kS4{ir^-o^S»S§90 

an** nt*v h-t-4T<tu &±(ab>y M&B»5M:n 
t-.y hs^Hts4oai^icos±et*y bo^^ai^-r 
£> . isa^tisssis a> 8b, at^r isffrima 1 

Oafcatefl*. ajiH8a(±. S±ftb'>ybffijii&5 

aW&MZl b'«y hDA2$if§6fcil££>*U>. a®SS8 
b, fSSMOMM 1 0 a . fcil/Mft^fSlCffiS? 

ftST^/i^gn 1 1 t^^ivmnmi o 

Mm*8b<?)liijjm^Zm&d 1 (dl=a-l)tH 

{ 1+ (a-l) z-i} Yl (z) 

*1 l^£iflSrx^^S^a52 0T-«©-rS. 
^a»S52 0T«, S±fi[b'>y hfflifjjft 54)!fcWt-i!-Y 

i (z) i:. lowtfw-^y^^^wa-caj^^futY 

1 (z) £ (a-l) «Lfcffii:<0*l£*a>4. 

Y2 (z) = { 1+ (a-l ) z" 1 
1 fcaSl 2 «k 0 . T^'^/^»gi52 OCOtHMS^Y 

2 (z ) 5tl 3C0J:-3^S. 

Y2 (z) =aX (z) + ( 1-z 

z zx\ «_hab'.y haffiss 5 tmxtim.^Hmm q 

d (z ) SrUXOttU ^*/HR#»l IXWrttt 

3. f^Ai*ai 2^ab^^Y3 (z) t-rst. 

T^jWStfi* 1 2 o&an&ttse 1 4 <o J: o lz%l . 
[0049] 

Y3 (z) = ( 1-z-i) Qd (z) (14) 

Y (z) =Y2 (z) -Y3 (z) 
= aX (z) + (1-z" 1 
St 1 5 J: 9. n b'-y b*Hfc»4 TiSA-f 
Qa ( z) (il^coy'fX^x-by^SrSfti,. fi_t 
(4 b'-y httajIgStcSAL^x^^/W^M^l^l^Q 

d urn. a<?)ffl(cBg*?^-r^^(ci^*$*t?.. 

Qa(z)« > Qd(z) fcifc^Ttt&a^'Jv&^firC 
&"5, Qd (z) #^a$*$ii.S-i:fc.fcSS:8lfif 



*A4tttfff 2 OcOtfi^ttT-'S^/loblJgSi 1 0 aCO&jjX' 
hh. 2JiS±ffib'-y baaJS5<0ffi 

nb*-y h*^kS4^tiJ*i:^ (Qdfcffl^i- 
S) ZWrffZ. ^*/Mn««l 0btt-F5^;l« 
S52 0«>a«jfcTrW>WWN»l 20ffi*i:<?)ll&* 

[0045] #(C:. BIl<0V;Pf-b'-y hf^y/7A 
^A^lfi^X ( z ) t 1 b'-y bDAS^S6fc<OH$r^ 

#>s. .r<oM#fi^{i. r^D^a^S2T'«^sn. 

7kx3r-/VF*KcA&.J: 5 lzT-f-v75m$s9 
Ra-WRt*. nb-y bft^tgs4(iT^O^^CSg9 
^T^n^ffi^$r2»«c7)7 ; ^;Wt-§-t*^'fS:L. * 
±&b'«y httffiS5{i-eo«±{ab'-y hO**atfr$- 
S . Z<r>fcj)Mmmz$> 5 1t'7bD A«g 6 <9A 
*(i#fc=3:l>. lb'-y hDA^S6Ji, S±(5b-.yb 
»Jii#l5-cai* b£ 1 b-y 2 

fenT^vyrnvsmth. uiT, nb-.yhfi^fks 

4fcfiA*-**?-fcSiWfcQa (z) . fLtffitf-rM* 
aj&5?iIA^6J:^HI3«^£Qd (z) . «Jbftb'.y 

b«ffig§5^ai*fi-^?:Yi (z) t-rst, eatwia 

fiifc^l lOiptc^S. 
[0046] 
= aX (z) + ( 1-z-i) Qa (z) 
+ ( 1-z-i) Qd (z) (11) 

7 t zSf)vmnm2 0ff)iiijj&Y2 (z) t-t&k, -tv 
*Msmm 2 o <?>Gs&mz& 1 2 o i d t^s . 

[0047] 



(Yl(z) •• 
[0048] 



(12) 



») Qa (z) + (1-z" 1 ) Qd (z) 

( 13) 

mk\z*rV*)VWi%i 1 0 b(cj; 9, r>-**A-j5l»g|52 
0<9ittfjfl-^Y2 (z) tfy^/H*fll 2<V&jjm 
tY3(z) t«0^*tf>St. AD^MgtOai^Y 
(z) ^1 5(c^rS. 
[0050] 



) Qa (z) (15) 

JS^|6jJJ56*fSi?^o S UZQa ( z ) lint'7 h&T 
K ; 2!s4<7>ftmi%t:2>lfZi3.k''hZ<%Z<DX\ <t 

[0051] @2«. m\<F>w -,9mkm&-?&w& 
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?mft& 2 1 T-ruy§m%i 9 1 1 b-y h d A^&g§6 

i nKftSSftSS^kCda^SSftSmitcOlitt 

co« (mt^-) s-cotstm-rscit-t'^-rs. 

4. 

[0052] a=Cin/C0 (16) 

nb'-y hg^Hfc&4ti. Jt«3S£M!cMW3EfiL » * 

»<o y 7 r v y x^ee t Jt«-ri> c t x-v-^x - *s 

0*lHkil#«j££ix4. t^g-tteb'-y Mtttif»5 

2rt4. iit, «±ftb'-y h£nb'-y hSiMfc2§4c9 
nb'-y Ymik<7)m. (=Qd) Stt^/WID*!! 1 0 a 
"C*«>4. «±0Lb'-y h^f-^KJ; 0. 1 b'-y J>DA 

0*t s *J?MR»» 1 2TfflV^ft&a®2§«D F FE 
Hfc Jt O.SeRT* 4. 7^/Hli3r& 1 Hi 1 b'v h<0 

;y^iDGSi5tffl£tt:fiT4fi{tT'Jj|V>. 2*:. a*<2<0 

Tb'-y hSr-r^^W^S-T'tS. "rVfiVtm&l 
Ob, 1 0 c it ( n + 2 ) b' -y h^OjPS3§T-J)tt«+ 
tfT'&S. 

[OO53]03Ji. 01 izm-ttmnnffi j*W(ci«t 

X'tbh. v-SaV-ygyli, *-/*9'>^ , *'Jt36 c 3 2 
fiT'4t'7Mfft. a = 0. 5K«t«.tOT25S. 0 
3<DAD^g|#§ai2><9i£^l;:»i, 01 9^02 1TM14> 

[0054] 04(1, 01 t:*-r*^HJ<Offl^0!ltC±J{t 
4&f£i' 5 a U- \s a >t i ->X'&btltz S N*ttt0-C 
£>4. aWftJii^HfcWOiMWtt^jftL. fgttiiSNJtS: 

m: ^s*u-^a>-fi, *-my7)vyctfs 2 

{ 1+ (ai a 2 + a 2 -2) z" 1 
= ai a 2 X (z) + ( 1 -z-i) 

iU 7(±. d2 = a,a! + a r 2, d3=l-a 2 i:t 
4 k , OTOjC 1 8 «i d t^-f^ t 4 . 

{ l+d2z-i + d3z-M Yl 
= a!a 2 X (z ) + ( 1 -z" 1 ) 



X\ a = 0 . 5 4 . ±EfciiKa*BS^ L-^:«B5cJ: 0 *> 

A^J^£J8v^fcffiSt-4^<Ov,l^b'-y b-f;l/^ 
AD$&&&k mm<r> S Nifc5r#T OS C 

[0055] 0 5li#f&Hj3(7)Sfl2 <y)|QiJ£ffire;&4 v/l- 
f-b'-y h-r/U^v^AD^^tcOW^Jr^-t^n-y^ 



wawuwY i ( z > t . i -jhw^'j >7mmz 

fflASfifcYl (z) fcd2«UifiU:, 2olir<7)-9->' 
rSFV^^WUc'W**ifW:Y 1 (z) £d3fgL*:®eo 
Y2 (z) 

= a,a 2 X (z) + (1-z-i) 2Qa (z) + (1-z-i) 2 Qd (z) 



[0056] dim. n b'-y h*fflS»"CSA*-**^ 

flSMfQa (z) tc^L-C2»:<y)y^x^x-by^ 

Ji. 05fc5rTJ:afc, A^fl^X (z) VttrthT 
mytmm a, 7to^S2a. r*o*'** 
88 9 a *»5^ U -XCWK L- . **>«RfcttH t J: 3 

^u^jnjrsii b. r-^o^^s2b, T+urxm. 

& 9 b jP&SE LT 04 . CI <om{c $^:nh'7 bMTft 
S4i;. S±fib'-yh»aiS5i:3!p™-rs. Cli-Ct 

3i®5#8 a*<s±{ib'y h«jas»5<oai*^»:<wy7- 

'jy^ttRftL. -e<OfcK^){ilb'-yhDA^5l 
6fe^tTT-f-o^rflnJW»la, 1 bKJS «_t 
iib'-y httffiWStfJttRfcJi^^/MMIcWa 0*<SS 

5 coffi* &Sft SSSS8 b *Ji XPf&tAAtiOk 1 0 
at *<0lSfcl?£;?>HgJUi Ha *<ESS ft, 
■ St=iftkRtEBtCaBffi»8c»-f'^/HBJH»l 1 
b. T^HnJKSlObtrflBi*. ifc^^n^lW 
«2 0Oaj*fc^^H»*«l 2a. 12b«{Ii*0 

asaj^sf^A-jmns ioc . 

[0057] n b'-y hfi^ffcS4 (CttWCMTftX^Q 
a ( z ) #aW.U ®±fib'-y htttiiSlStCfcV^-Cgl' 
^bMI^Qd (z) ^igA-TS. I«20«liHU£f{i 

»t, fi±fi[b'-ybtttiJS5^ai^&Yl (z) b-Th 
k . «tBM»4J3lT^ 1 7 co i d fc=5rS . 
[0058] 
H (1-aj) z-M Yl (z) 
'Qa (z) + (1-z-i) 2Qd (z) 
• (17) 

[0 0 59] 

(z) 

'Qa (z) + (1-z-i) 2Qd (z) 

( 18) 

maittiij^-h. ^cO7 r ^;^S:a52 0<otB^i^Y2 

( z ) k-rs t . eauwujar*)* 1 9<o j: a 

4. 

[0060] 
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(19) 

fi±<at'-y MSaiHSTmAt^Qd ( z) J2o^)f Z<r)lbJ)Y3 (z ) {iOTO5S2 0c7)J; 3(c2r*. 

^7P«4H»12a. 1 2b£«k9 2<fcc7)$tf}-£fi : -j [0061 1 

Y3(z) = (l-z-') ! Qd(z) (20) 

&mz , r i^UjpgSS 10c(:iOY2 (z)tY3 £gii!^«JaT<05S: 2 1 0 <k p H&S . 
(z) fc<OHSr^&^i:CJ:'5. -ry^aj^Y [0062] 
(z) 9ti^2 0J:0. Y (z) Ciitt 

Y(z)=a 1 a 2 X(z) + (l-z- 1 ) 2 Qa(z) (2 1) 



?*ma9 c Sr«KLfc«WiT* *) . l b-y h D 

fS6wm^* J r^-n^jD^ii ctcta^tL*. n« 

iz, ■ri^I'flMHS 12a. 12b ^StCxS^WK 
1 2 c £ISg$i-U * fc?* i>*/W*JMIJ 2 0 

s i o c #3 bizmmom&xmwiZtix v >a . 

[0064] nb-y h*^HfcS4 t^HkSt^Qa 

( z ) #»au S-h(ab'.y baaisstfi^^t^Q 

d (z) ^O2oc0»^fb»W«3O£0« 

±ti^httaj*5«Hia«:Yl (z) fc-*-*fcfiSBW 
W4J21T«0*2 2*>J: 3 tcfc* . 
[0065] 



3S2 1 3 (c. KHIMtQd (z)«i, ffllo 

Lfcx S^ltf«»2 0 T^rtHttfl* 12a. 12 
bWftmizX *)5£-£lzM&Ztli>. Qd (z) iOtti 
SMC/hSV^Qa (z) lt2<X<r)S4 Xisx.-Vy??: 
. 0 1 cofiffiU •? fci*^S3?lfi?gSr5S3IT§ S . 
[00631 06 it*%PJl<7)m 3 OUSgmf £ 6 
*b-y h^P^^j/VAD^^com^-rrn y ? 
mX'&h. Z(DAD$cM%li. nb--ybi^-fCSCilA 
-fSS^fcSSWQa (z) tc*fl,T3&c7»''fX^i- 
by^Sr^rs. AtffittrMi. 0 5<OAD£« 
fcfcvvc, T1~a7tm&lb, T^o?mft3g2 b*> 

J:VT^o^«)Hl9b*HBKL-C^ftf!ftafc. $ 
T-y-o^flngf&l c. T^o^^2cfcJ:tPT-?-u 

{ 1 + ( a t a 2 a 3 + a 2 a 3 + a 3 — 3 ) z _1 

+ (3-a 2 a 3 -2a 3 ) z-2+ (a 3 -l) z-3> Yl (z) . 

= a iaj a 3 X (z) + (1-z-i) 3 Qa ( z) + (1 -- z -i) 3Q d (z ) 

(2 2) 

d4 = a 1 a ! a 3 + a ! a 3 + a 3 -3. d5= 5$2 3<T>X O izmtZ $> . 

3-a 2 a 3 -2 a 3 . d6 = a 3 - 1 fc-fSi:. .klTO [0066] 
{ l+d4z-' + d5z- 2 + d6z- 3 > Yl (z) 

= aj a 2 a 3 X (z ) + ( 1 - z"i ) 3 Qa (z ) + ( 1-zi) 3Qd ( z) 

(23) 

3^iacj>i.S»&x^^^S:gi52 OTffd . 
o£ 19 . t^A-SBM^ 0 (ifi±&b -y h 50 
ifrttl-f- Y 1 ( z ) k „ 1 'J >-mfS^iU 

^J^iX^Yl (z) S^fgLfcffifc. 2-^ff^yr 
Uy^ratcffi^Sit/iYi (z) *d5feL£:mb. 

Y2 (z) 

= aj a 2 a 3 X ( z ) + ( 1 — z" 



3*zm<m>-r y yftmizmji y i ( z ) £ d 

6f&l;tfitfc<Di£*D£ai:fi-$-S. £<0r5^*aw:tf2 
0c0tB*SrY2 (z) fc-T &tesraR{iJilT<0^2 4 

[0067] 



*±ffitf-y hamS5-C?SAt^Qd (z) 530(7)f 

Y3 (z) = (l-z-i) 3 Qd ( Z ) 
WmZTiS*)Vlim%i 10dfcj:OY2 (z) tY3 
( z ) fc(0HSr^«). TS^/WfrfiY ( z ) #^±6. 
5t2 4fcs<i25J;9.Y(z) K&ftSfiagraiWimT 

Y (z) =a L a 2 a 3 X (z) + (l-z-») 3 Qa (z) 



) 3 Qa (z ) + ( 1-z-i) 3 Qd (z) 

(24) 

( z ) f±mT<D5S2 5 3 . 
[00681 

(25) 

<95t2 6<0J:dtc:3:3>. 
[0069] 



(26) 



*.2bfrhmh£oi,z^ m^im^Qd (z) f«n 

SfefeKBt^SiiS . ttzQd ( z ) «fc 0 UiSaHc/hS 
UQa (z) {iS^tfOy^X^x-bV^l^lt. ± 



is. 

[0070] ULhcon 1,05. 06 (cra-r siea*^ 
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<9yM X^x-Uy^Srffdi:, TiSfJU&jlY (z) 
Y ( z ) = ( a, a 2 a 3 • • • • 



[007 1] 



a k ) X (z) + 



1 b*-y hDA^J^6Wffl*i:coMSr 
*tf>i>. r^a^jn^§§i^»ir-^D^«*S2*^g£ 
U r+o^^S2(i7*^n:rjll^Sl<om*S-«4i- 
"t&. T^n^^S2tciir^D^«»S9, nt'7 

-TS. T^o^*H9(ir^nira^tS2cotfl^i£-ff 

SSS90fcfi2: nb'-y ht'fi^fcU iifit'.y bfttil 
fS5(3 n b*<y hi^fc&4<0aj;>Jtf>fi±&b'.y h^S: 

aj^-rs. i^Mitii. nt'7 hjtHfc»4*>m 

*Y 1 ( z ) SrA*fc-f^7 ; ^Mma52 0 5-fili. 

jl+dlz-'l Yl (z) = aX (z) + (1-z-i) Qa (z) 

-az-iQd (z) (28) 

rvfwimmnGs&m&v&i 2 9 -eas*.* . [ 0 0 7 4 ] 



( l-z-i ) "Qa (z ) 

(27) 

£>. ?3;?;Mft*ffi2 Otli. Y 1 ( z ) £ag£§8 b 

§11 UCiO. il&dl (dl=a-l) 
*fcfi^*«Hl OaliYl (z) fc-f^/l^SL 
til la coffin i<0*]£ti};»rr!>. §4>{;:S±&b'.y h 

ttttjts 5 i.zmx-tz&TimnQ d ( Z ) ^jsoaju 

352 OfeilXC«50AD^S^ailii:^:S. 
[0072] IIT'Y 1 ( z ) KfcftSgaWScSr^ 
Sfc<ta^2 8<7) c fc3tc:^:S. 
[0073] 



Y (z) = ( 1 + dlz-') Yl 
5C2 8t^2 9iOAD^^ai^Y (z) IK30 

Y (z) =aX (z) + ( 1-z- 

^30^1 st±<muz^. muzm-tmmim 
[ 0 0 7 6 ] 0 8 n*m&m 5 (ommmmx-h & ^jv 

tz. A^jfi-^-x ( z ) tfxft-rhT+nrttigJ&i a, 

««U *«»SfcttratJ:d<cr-*-a^ani3lt»l b. 
T1-u<mft%i2 b . T-^DX»^fl9 b#««l/0> 
S. £Of£{::$4>(Cnb'>y bfi^rtSMfc. S±firb'-y 
h ttffiS 5 1 . a®*! 8 a tf&Jiftb- -yh» 

ajts 5 otfcb St&o-^t- y y7&f®£ x'&n l . -eo 

tli^« 1 b'«y hDA^fl6S:/r-L-CTi-a^ilDa[S§l 
a. 1 b^A.^i». 08c7)««;T{±nb*-y ha^-ft^ 

[oo77] -r^'^/^ffgs 2 ocommnx<otts *)X' 

$>&. a®§ff8blinb'-y KM^btl4coai*Yl 

(z) ZK<rrtv7vyy&ff&&X'ism-th. as&s 

b^ffi^tixi^HiSWSSl 1 a{C J: Ofifc&d 2 ( d 2 
= ai a 2 + a 2 -2)*^t^ixS. |S)8Hca$£#S8c 

it^^izix^yyjyymmiX'm^^mL. zwm 

1i\Z'ri??)Vmi%i 1 1 b t,z£ *) G&fScd 3 ( d 3 = 1 - 
{ l+d2z-' + d3z-M Yl 



(z) 



+ az"'Qd 
[0075] 



(z) 



(29) 



')Qa (z) (30) 

a 2 ) timit>tLZ. T^/WjoSEgSi OaliYl 
( z ) fcfS^/HRJMIl 1 a.<D&*tvm$:iii1rr 

BBRfc-^^yujnWSiObtt^^/ujidHlio 
acOlii^fcxV^^^fll 1 b<7)&j}b0)mt:liij]~? 
h. tfcS±firb'-y hftJiilg5tllA-ri»M^ft38^Q 
d (z) fclXOtfiSfU x^HiUr&l 1 c*i. Qd 
(z) £^2^T+o^^Ss9b#*?-&fii£Sta 2 T 
JUtS. ggS8dl±. TW/HKJHBl 1 cWtb^S- 

^co-y-vT* y >-^ra^T«^-r •& . y^/nnjus 1 
odi asfisd^tB^fc^'^/Hiiimtii ob^as 

^<ofa$-ai^S. r 5>*jMh«B1 0 d{i, 7^'?^ 
ADHSl 0 ciOtiJ^i:. a®#58 dOffiUjSrT^n^St 
»S9a^tS«a, X-mitzIMb nftZ&jlt 
■S. H^8ell a®tl8d<OJtJ*2:S^t3»:co-9-y 

*/l-Jo3t§§ 1 0 d Offcast! 8 ecotil^i;<OilSrai 

2 0COai^t 3 5r , 3. AD^Ms^tB^ii^S. 

[0078] yi ( z ) tfeftse^asc^* 

[0079] 



(z) 



= a,a 2 X (z) + (1-z-i) Qa (z) 
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-a 2 z-M (1+aj) -z-i) > Qd (z) 

7it?jmM&(Dmmmr<!z£3 2X'0;Zti2>. [oosoi 

Y(z) = (l+d2z- 1 + d3z- J )Yl (z) 

+ a 2 z-i { ( l + ai ) -z-i) |Qd(z) 

[008 1] 



(3 1) 



(32) 



^31t^32«kO. AD5g|^coai^Y (z) Ji. & 

Y (z) = a t a 2 X (z) + (1 

2 <7)HSfe»«0|iHEy^i: ^rS . 
[0082109 {i^Bjcom 5 (OHJS^ST** 6 V/P 

g&lb, 7tomS2b, T-M3^^LS9bt 
*TLT, ^^tr^a^nliSl c. 7tn^SI2 
c. T^o^SC^9c^^LTU|,. Jf,Cnf7 
hfi^-ffcS4 1 , &±<2b'-y httSJS 5 t . 

^m*«it*vhDAsa«i 

6*ltLXTi-ziriim&l a, lb, lcKJM^ix 
•S>. nb'-/hfi^-fbS4coai^Yl ( z ) li-f i?*/!^ 
«SB2 0A7J-t«.. 

[0083] t^'^^«»*b 2 o immmfsx-hz, . 

31®fl8b(iY 1 ( z ) J^t^ry >-i/B#ra*T« 
t^'^HUKSI 1 at±iISfiS8 btf>ai*lz-fi& 
$[d4 ( d4 = a!a 2 a 3 + a 2 a 3 +a 3 -3)Tif 

6. a®S8c«ji5iS8boaj*^s^Kai:<o-9-vr 
vytnm*WL*&&n>. f^ntwsi 1 b 

te, SS8ccoaj^Sr^d 5 (d5 = 3-a 2 a 3 -2 
a 3 ) TSIt6. SMS§8d{iM®S§8c<OSW3£, $ 

asK«i i cimm^8dcota^im.d6 (d6= a 

3 - 1 ) T*fc & . TiWUnXSi 1 0 alixi^WS 
MB 2 0<OA?J Y 1 ( z ) i: ri^l^gS 1 1 a<0#] 

(l+d4z-'+d5z- 2 + d6z- 3 )Yl (z) 
= a,a ! a 3 X(z) + ( 1-z'i) 3 Qa (z ) 
-a 3 ( d7z-»-d8z-2 + z-3) Qd (z) 
f5>?/WR*»2 0<0fs^Miti±»^:3 5T*3ft6 . [0087] 

Y (z) = ( l+d4z-i + d5z-2 + d6z- 3 ) Yl (z) 

+ a 3 (d7z-i-d8z-2 + z-3) Qd (z) • 
iS3 4 tiZ3 5 i 0 . AD^MKoajDY ( z ) {4^3 

Y (z) =a,a 2 a 3 X (z) + ( 1 
^3 5{±^2 6t^<|5Itt'2r'5. H9 tc*-$-«j£JiSe 

3 crmmm^mmx-h^ . 

[0089] &±<V£ o fc, ^ftOTCi*. v;H- b* -y h 



r')'Qa(z) (33) 

ztzttz . 7~>'?}VDu»m i o b tefV^/uflDgsi i 

OaWffi^Jkx^/HItgSH 1 b«Offi*<Ofn5rtB^-r 
-5. PWMc^^iHWHIl Oc(ix^;lo!jiig|§l 0 

bcota^t^^j^msmi 1 c<oajAi:<o^ai*-r 

(z) ttfx?;l^ffSl ldfciO, S37tn/i 
^l9c^^ri>SSa 3 TSIt fc 6*16. ISSeii 

7*^;l4UW»l i dom^j^io^ru^misit 

■C«»U -eo^^^T-^JiT^^^^fl^Sl 1 
etCiO^^-T^d? (d7= ai a 2 +a 2 + 

i ) x-miktih. ttzmm^snt. assise 

$ti^-^{ir^;P«®:Si lfkrii), «d8 
(d8 = a 2 + 2 ) •C'«t^tl..6. 
[0084] =J?/i'ion-& l 0 cUif^/Mra* 
SI 0cfc7^;mij|L&l letcO*]S:{ii*-r6. H 
SMCf S^^^JllJHI 1 0 e ttrP&fjWm 1 0 dcom 
1}k.T t J9>VfflS&\ 1 f ^HSrtii^-fS. mtc-r 

s-wings i o f ax V9)vmm i o e t m 

[0085] ddT'Y 1 ( z ) (C£I*&£MR*$tf> 
[0086] 



(34) 



(35) 



[0088] 



z-i ) 3Qa (z) 



- (35) 

u^-f^^a^ss-ii^., e±&bv ^s^^f}#gT' 
^L^7 ^ ^^w&s : Hk$mQd (z) ^axoaj 

Z&tt&ZtX^lZQd (z) fctfT" 
§6. .TftfckO, iESSWWvLfcfWEiOtJWI 
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mmtts£v ! i£ffimiV)*ijm< l z%&kti,iz. ti-u9 

*^&co4«S:Vv?/W-b'-y hf/l'^^VAD«J: 
[0090] 

b'y h7Vl^£^VADJfia*»fcJ:*tff , nb'-y hS^F 
&&<*£*: 

[009 13 **:. SOSO»JITC*LfcaWStMi. n f 
•y hJKHtSSfci r>T^*yl^3*lfcf f -***±ffi 
b* -y h «iaj«(C J: 0 , ft±<2 b' -y h CO* V > 

b'-y hDA388»£:fflVvicfT-3<0'C\ ro-tX^iStCj; 

£ < t £ ^ . 4 

3fet«BtttafflW6|i|»fc3pH-pft4 . *fc 1 b*.y h D 

»T^-*-**$$*FflaKfQd ( z ) li&gtCRft 

#t&0$M ^flWfcsMtLfciSWfcfT "5 £iT'Qd 
[B»Il«>lft*&R91] 

com axtfiiiat&vrt-Bi. 
[04 3 « i <^aswctj»t*«tt^5 iV-y 3 v-e 

[05 3 *W*DV/kf- b'-y hTr/W^^ADSSH* 
<0IS 2 OH5fi®«Sr5rf0. 

[06 3 *%^"7;kf-b*.y hf^^/VAD^ 
com 3 ij^-BI. 

[07 3 #&BJC0 V/Uf-b'-y hf^^/VAD^ 



co^4 <0^fl5SS&£5Rt1i3. 

[08 3 ^miWfrl-t'-/ hf^y^AD^M 

[09 3 hf^^/VAD^g 
com 6 cOHSB8«l£-^-f 0 . 

[01 03 fi!*C01 b'-y bS^fkliKV/l^-b'-y hfjU 
9 v-^VA D^&&cO8lfi£0. 

[0113 tai*coi b'-y hS^Hk3<j«:-7;l^b'-y h-r;P 

[0123 t£*<0 1 b* y hSTft 1 ifcv^b'y h^/P 
9 x^A DSgMHkftffftH. 

[013 3 t&fccoi&v/l-f-b'-y bfWy/7ADf 
SiSco«jS0. 

[014 3 01 3<Ofln««HflUB*j5WII*H. 
[015 3 S£fcc02i5:v/V<f-b'-y hf/^yy'VAD^ 
8lf§coffii£0. 

[016 3 fi6*c03iJr7/W-b*-y hfM^AD^ 
8l3ico*gj£0. 

[017 3 01 5«aiJft«H«l«*a5r«ftftH. 
[018 3 01 6^jjW>H<H»*ii5*l»KEg. 
[0193013 fc*-?WC4 b'-y t»ft7ttLfc*& 

0. 

[0203 mi 4\,ziKTmmzT+u77*#ft\}ttizm 

9 0. 

[02 13 02 0 (=*-f««T4 b'-y UHHtLfc** 

0. 

[##col&HJ33 

la-ic T*n*'an*» 
2a~2c T1-n?mft& 

3 lb'-yHB^HfcSf 

4 nb'-yhS?ft3S 

5 S±ab'-ybtttiiS 

6 leyhDASaftB 

7 nt*7>DA|EiS 
8a~8s SSS 

9. 9 a- 9 c T-i-vrmt^i 

10. 10a— 1 Of -T^^JUKS 

11. 1 1 a~l 1 f -f V9MOOk 

12. 1 2 a~l 1 c ^J9ivmsm 

2 0 
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